Pseudo-continuous arterial spin labeling (pCASL) measurements were performed in 20 patients with idiopathic normal pressure hydrocephalus (iNPH) to investigate whether cerebral blood flow (CBF) increases during the first 24 hours after a cerebrospinal fluid tap test (CSF TT). Five pCASL magnetic resonance imaging (MRI) scans were performed. Two scans were performed before removal of 40 mL CSF, and the other three at 30 minutes, 4 hours, and 24 hours, respectively after the CSF TT. Thirteen different regions of interest (ROIs) were manually drawn on coregistered MR images. In patients with increased CBF in lateral and frontal white matter after the CSF TT, gait function improved more than it did in patients with decreased CBF in these regions. However, in the whole sample, there was no significant increase in CBF after CSF removal compared with baseline investigations. The repeatability of CBF measurements at baseline was high, with intraclass correlation coefficients of 0.60 to 0.90 for different ROIs, but the median regional variability was in the range of 5% to 17%. Our results indicate that CBF in white matter close to the lateral ventricles plays a role in the reversibility of symptoms after CSF removal in patients with iNPH.
INTRODUCTION
Idiopathic normal pressure hydrocephalus (iNPH) is a disorder characterized by impairments of balance, gait, cognitive function, and urinary continence. 1 The pathophysiology of the condition is not completely understood, but previous studies have shown decreased global and regional cerebral blood flow (CBF) in the periventricular white matter (WM), frontal gray matter and WM, thalamus, and in the basal ganglia. [2] [3] [4] The symptoms can be relieved by implantation of a shunt system. Before patients are selected for shunt insertion, prognostic data based on clinical examination and imaging of the brain are collected, often followed by tests of the cerebrospinal fluid (CSF) system. 5 The CSF tap test (CSF TT) with removal of 30 to 50 mL CSF through a lumbar puncture needle is often used. 6 Clinical improvement after the CSF removal is considered a positive response, with high positive predictive value for a good outcome after shunt surgery. 7 Previous studies have tried to estimate the change in CBF after a CSF TT using inhalation or injection of xenon-133, single photon emission computed tomography, and dynamic susceptibility contrast magnetic resonance imaging (MRI). Increase in CBF after CSF removal has been reported in some of these studies, but the results have not been uniform. [8] [9] [10] [11] [12] [13] [14] In a recent study, we showed that clinical improvement after a CSF TT is measurable during the first 24 hours after the drainage. 15 The time window for the hypothesized increase in CBF after a CSF TT is, however, unknown.
Pseudo-continuous arterial spin labeling (pCASL) is an MRI technique with the advantage of allowing quantitative measurements of the CBF without injection of any contrast agent. 16 The method is completely noninvasive, with a relatively short scan time (~5 minutes), which makes it ideal for repeated measurements, and it has not been used in published iNPH studies.
We measured changes in CBF and their relationship with clinical improvement during the first 24 hours after CSF removal in patients with iNPH. A secondary aim was to measure the repeatability of pCASL in patients with iNPH.
MATERIALS AND METHODS Patients
Sixty patients were consecutively recruited from the waiting list of patients referred to Uppsala University Hospital for evaluation of suspected NPH. Exclusion criteria were secondary NPH or congenital hydrocephalus, contraindications to MRI, age 484 years, severe cognitive dysfunction with inability to give informed consent, refusal to undergo evaluation or shunt surgery, complete inability to walk, or gait problems that could be explained by other known diseases. Based on these criteria, 23 patients were excluded from the study. In addition, nine patients who were already included in an ongoing study of the CSF TT were not included, one patient had died since the referral had been written, and in one patient the evaluation was postponed because of surgery for an abdominal aortic aneurysm. Finally, 26 patients (15 men and 11 women) were included in the present study.
Out of the 26 patients, 17 were classified as probable iNPH, 6 as possible iNPH, and 3 as unlikely iNPH according the American iNPH guidelines. 5 Three patients were excluded from statistical analyses of CBF because of artifacts related to high intravascular signal and apparent hypoperfusion in the brain parenchyma. Clinical data regarding all 26 patients are summarized in Table 1 , but only the patients diagnosed with iNPH and without artifacts on perfusion images (n = 20) were included in the statistical analyzes of CBF. There were no differences in symptom severity, duration, or any other clinical parameter between the excluded patients with artifacts and the whole sample. However, in the three patients with artifacts, there was significantly lower CBF at baseline in the cerebellum, pons, right and left thalamus, and WM, than in the patients without artifacts. All patients gave written informed consent. The study was approved by the local ethics committee in Uppsala, Sweden, and was conducted according to the Declaration of Helsinki.
For descriptive purposes, the following imaging features were assessed: Evans index, deep white matter hyperintensities according to the Fazekas scale (ordinal scale from 0 to 3, with 3 representing the most severe deep white matter hyperintensities), 17 disproportionately enlarged subarachnoid-space hydrocephalus, 18 and the callosal angle; 19 Table 1 .
Time Scheme
The patients were examined on day 1 by a multidisciplinary NPH team consisting of a neurologist and specially trained physiotherapists and occupational therapists. The first MRI scan (MRI 1) was performed on day 2 between 0800 hours and 1000 hours. A second MRI (MRI 2) was performed 60 minutes after the first scan to assess the repeatability of CBF measurements in iNPH patients. Between MRI 1 and MRI 2, the patients rested in the supine position in a quiet, isolated room next to the scanner. Immediately after MRI 2, a CSF TT was performed using a 20-gauge needle with patients in the lateral recumbent position and 40 ± 2 (mean ± s.d.) mL CSF were removed. Routine blood and CSF samples were collected, including CSF biomarkers for dementia (amyloid-beta (1-42), tau, and phosphorylated tau). MRI 3 was performed 30 minutes after the CSF TT was completed; MRI 4 and MRI 5 were performed 4 and 24 hours after the CSF TT, respectively. After MRI 3, MRI 4, and MRI 5, the patients performed the same tests of motor function as on day 1. The tests were: 10 meters walk at maximum pace and the timed 'up and go' test (TUG). Numbers of steps and time in seconds were recorded. The tests were performed twice at each assessment, and the mean result was used in the statistical analyses.
Patients ate lunch between MRI 3 and MRI 4. They were allowed to take their regular morning medications on days 1 to 3, but anticoagulants were not allowed. To minimize variations in CBF, the patients were not allowed to drink coffee or tea on days 2 and 3, and transportations between investigations were performed with the patient in bed or in a wheelchair. The patients did not leave the MRI department between MRIs 1 and 3 and were not allowed to walk during this time. Three patients missed one MRI investigation and the clinical evaluation, two of them because of technical problems with the MRI scanner and one because the patient suffered from temporary nausea.
Imaging
All patients were examined using a Philips 3T MRI scanner (Philips Achieva, Philips Healthcare, Best, the Netherlands) with a 32-channel head coil. A three-dimensional T1-weighted gradient echo (turbo field echo) sequence was obtained with the following parameters: voxel size 1.0 × 1.0 × 1.0 mm 3 , repetition time = 8.2 ms, echo time = 3.7 ms. Perfusion data were acquired using a background-suppressed pCASL sequence, with single-shot echo planar imaging read-out, using the following protocol: field of view = 264 × 264 mm 2 , in-plane resolution = 2.75 × 2.75 mm 2 , slice thickness = 5 mm, number of slices = 20, repetition time = 4100 ms, echo time = 14.5 ms, label duration = 1650 ms, postlabeling delay (PLD) = 1600 ms, and 30 repetitions. To allow for quantitative CBF values, a reference scan was performed based on the pCASL sequence with the following modifications: labeling and background suppression turned off, no repetitions, and repetition time = 10000 ms.
Synthetic MRI (SyMRI) data were acquired using the multislice, multiecho, and multisaturation delay sequence QRAPMASTER. 20 Because of technical problems, SyMRI data were not acquired in two patients, and in another two patients, data were missing for one investigation time. MRIs 2 to 5 only included pCASL and SyMRI, with total scan time of 10 to 15 minutes, while MRI 1 had a total scan time of 45 to 60 minutes and included several additional sequences, including the three-dimensional T1-weighted gradient echo and a T2 FLAIR (fluid-attenuated inversion recovery) sequence. Headphones were used to dampen scanner noise, and soft music was played during the investigations. Cushions were used inside the head coil to minimize head movements.
Perfusion MRI Post Processing
For perfusion quantification, the compartment model proposed by Alsop and Detre 21 was used. It was assumed that the labeled blood remains primarily in the vascular bed rather than exchanging completely with tissue water, which means that the relaxation of arterial blood could be used explicitly. The magnetization difference (control-label) is thus modeled as:
where M 0a is the equilibrium magnetization of arterial blood, α is the labeling efficiency, f is the tissue perfusion, T 1a is the longitudinal relaxation time of arterial blood, τ is the labeling duration, and w is the PLD. Total labeling effiency was set to 70%, T 1a was set to 1664 ms, and M 0a was estimated by using the intensity of CSF as a calibration standard. For each subject, a region in the lateral ventricles was defined, and the average intensity in the reference image within this region was used as an intensity reference for pure water. The water intensity was corrected for differences (between CSF and arterial blood) in proton density and transverse relaxation effects, and multiplied by the brain density (set to 1.04 g/mL) to yield estimates of M 0a . Perfusion values were subsequently estimated from the equation and multiplied by 6000 to obtain values in (mL/100 g/min).
For each patient, perfusion images from all investigation times were coregistered to the perfusion images of MRI 1, to allow for a single delineation per patient for each region of interest (ROI). As an anatomic reference, the FLAIR image from MRI 1 was also coregistered to the perfusion images in MRI 1. The coregistrations were performed with the software 'elastix' (http://elastix.isi.uu.nl/) using a 12-parameter affine transform, in which the pCASL reference data were used as both the reference and moving image volumes. The CBF parameter maps were spatially smoothed using a Gaussian kernel with a full width at half maximum of 4 mm. Smoothing was applied to the CBF maps to minimize the effect of nonideal image coregistration and to reduce the intrasubject variation caused by varying delineation of regions.
Regions of interest
Thirteen different ROIs were drawn manually using the in-house software Eval Gui (developed by Markus Nilsson, Lund University, Lund, Sweden).
The following regions were used: cerebellum, medial frontal cortex, left and right lentiform nucleus, medial temporal lobe (MTL), high convexity cortex, pons, supplementary motor area, left and right thalamus, frontal WM, lateral WM, and superior WM. The WM ROI was placed in the WM, 0.5 to 1 cm from the wall of the lateral ventricles, to minimize the impact of partial volume effects (between ventricles and parenchyma) on perfusion values. The ROIs were drawn on morphologic transverse T2 FLAIR images acquired at MRI 1 ( Figures 1A and 1D ), in each patient, and the coregistration secured that the ROIs had the same anatomic location on the five different scans from the same patient. All slices of all the scans were visually inspected, and care was taken not to include artifacts or large vessels in the ROIs. The ROIs were drawn by the first author (JV) and reviewed by the last author (E-ML). When ROIs were drawn, the investigator was masked to the patients' clinical data. See Table 2 for information about the ROIs and the Supplementary Information for images and anatomic explanations of all ROIs. CBF values were calculated for every voxel, and a mean CBF was provided in each ROI.
Volumetric Measurement
Measurements of CSF volumes were performed using acquired data from the MRI sequence QRAPMASTER, which provides a rapid simultaneous quantification of longitudinal relaxation time (T 1 ), the transverse relaxation time (T 2 ), and proton density. 20 The dedicated software SyMRI Brain Studio (SyntheticMR, Linköping, Sweden) uses combinations of T1, T2, and proton density to distinguish between gray matter, WM, and CSF and partial volume combinations of these three types that allows volumetric estimation of these tissues. The total volume of both lateral ventricles was calculated semiautomatically, after manual delineation on each slice for all patients, Figure 2 . The software provides the volume in milliliters.
Statistical Analysis
All analyses were performed using SPSS (IBM SPSS Statistics for Macintosh, Version 21.0; IBM Corp., Armonk, NY, USA). The Friedman test was used to test for differences in CBF and volumes of the lateral ventricles between different investigation times. The Wilcoxon signed-rank test was used as post hoc test. When the investigation time baseline is mentioned, it always refers to the average result of the two baseline investigations. Differences in proportional gait improvement between patients with increased CBF versus decreased CBF were analyzed with the Mann-Whitney U-test. When this difference was analyzed, to ascertain consistent results, only ROIs with a significant difference for at least two investigation times were reported as significant results. To avoid type II errors, no correction for multiple analyses was made in the analyses described above because of a limited sample of patients. The level of significance was set to P o0.05 for all statistical tests except for correlation analyses. Correlations were assessed with Spearman's correlation, and the level of significance was set to Po0.01. An intraclass correlation coefficient (ICC; two-way mixed, single measures) was used to calculate repeatability of CBF and volumetric measurements between baseline investigations. The proportional difference between baseline investigations was calculated as: (absolute difference of MRI 1 and MRI 2/average of MRI 1 and MRI 2) × 100.
RESULTS

Cerebral Blood Flow
Cerebral blood flow values (median with interquartile range) in all ROIs and investigation times are presented in There was a significant difference in total median symptom duration between patients with increased and reduced CBF in the left lentiform nucleus, 24 months (12 to 30) versus 42 months (24 to 72), P o 0.05. There was a difference in median CSF levels of amyloid-beta (1-42) between patients with increased and reduced CBF in the supplementary motor area, 644 ng/L (498 to 883) and 424 ng/L (383 to 527), Po 0.05, respectively.
Patients with an increased CBF in lateral WM improved more in gait speed and stride length 30 minutes post CSF TT and in stride length 24 hours after the CSF TT compared with patients with decreased CBF in lateral WM. Patients with an increased CBF in frontal WM improved more in both gait speed and stride length at 4 and 24 hours after the CSF TT; Figure 3 .
Still, at a group level, improvements in gait function did not correlate with proportional changes in CBF. No correlation was seen between severity of clinical symptoms at baseline and CBF at baseline in any of the ROIs. There were negative correlations between symptom duration and proportional CBF change in the left lentiform nucleus 30 minutes post CSF TT (r = − 0.60, Po 0.01), the left lentiform nucleus 4 hours post CSF TT (r = − 0.59, Po 0.01), and in the right thalamus 4 hours post CSF TT (r = − 0.65, Po 0.01). At baseline, there was no correlation between severity of deep white matter hyperintensities and CBF in the WM ROIs.
Ventricular Volume
The mean total lateral ventricular volume at baseline was 125 mL (95% CI: 116 to 134), and it was significantly reduced 30 minutes after the CSF TT. At 24 hours after the CSF TT, the volume was no longer significantly different compared with baseline, Figure 4 . There was a correlation at baseline between ventricular size and CBF in superior WM (r = 0.70, P o0.01). There were no correlations between changes in ventricular size and changes in CBF or between reduced ventricular volume and improvement in gait function.
Repeatability
Test-retest reliability of CBF for different ROIs, analyzed with ICC, was 0.60 to 0.90, and the median difference between baseline investigations was 4.7% to 17.1%; Table 2 . For volumetric measurement of lateral ventricles, ICC was 1.0, and the median difference between baseline investigations was 1%.
DISCUSSION
To our knowledge this is the first published study using pCASL to investigate CBF in patients with iNPH. Our main findings were that patients with increased CBF in lateral and frontal WM after the CSF TT improved more in gait function than did patients with decreased CBF in these regions. However, in the whole sample, there was no significant increase in CBF after CSF removal compared with baseline investigations. We found an acceptable repeatability for pCASL, which strengthens the reliability of our results. White matter surrounding the lateral ventricles, especially in the frontal lobes, seems to be of importance for gait function both in elderly people in general and in patients with iNPH. 22, 23 Fibers in these areas connect brain regions likely involved in iNPH, such as the supplementary motor cortex, basal ganglia, and thalamus, and in elderly people without iNPH, WM hyperintensities in the frontal lobe and periventricular WM have the strongest relationship with impairments in balance and gait. 24 Our findings suggest that there may be an important relationship between the reversibility of iNPH symptoms and CBF in the deep WM.
In accordance with our result, Kushner et al, 12 Kristensen et al, 10 and Dumarey et al 25 reported no consistent increase in CBF after the CSF TT. Too short or too long time interval between CSF removal and the perfusion imaging has been proposed as an explanation for these negative results. 14 In these studies, only one perfusion investigation was performed after the CSF TT, whereas we repeated the perfusion MRI scans three times during the first 24 hours after the CSF TT. Still, we did not see any general increases in CBF, although a small increase in MTL between 30 minutes and 4 hours post CSF TT was observed. In contrast, several other studies have reported an increased CBF after drainage of CSF. 8, 9, 11, 13, 14, [26] [27] [28] The techniques used in these studies were diverse, few used a tomographic method, and none of them adjusted for normal variation in CBF. All but two of these studies investigated a mixed sample of both patients with iNPH and secondary NPH, and the other two described an atypical picture in some patients. Walter et al 11 included patients with cognitive dysfunction without gait impairment and Hertel et al 14 patients as young as 39 years.
The pCASL technique used in the present study has several advantages compared with other perfusion methods. The test-retest reliability in healthy controls and in patients with Alzheimer's disease (AD) is high, and CBF values have been validated against positron emission tomography. 29 Similar to positron emission tomography, the pCASL technique can provide quantitative perfusion data without contrast agent injection. Dynamic susceptibility contrast MRI is an alternative perfusion MRI technique that requires injection of a gadolinium-based contrast agent, and for this reason it is not used repeatedly to evaluate potential perfusion changes over time. In addition, dynamic susceptibility contrast MRI does not allow absolute quantification of CBF in the clinical setting. Since pCASL is noninvasive, without ionizing radiation, and has a rather short scan time, the method is ideal for repeated measurements.
Measurements of perfusion in iNPH have been performed during the past 40 years, but to our knowledge this is the first time the repeatability between two baseline investigations has been systematically estimated in this patient category. Excellent repeatability was seen in 9/13 ROIs (ICC40.74) and good repeatability was seen in 4/13 ROIs (ICC 0.6 to 0.74). However, the variation at baseline was not negligible, which must be taken into account in perfusion studies in which differences after CSF TT and shunting are analyzed.
An unexpected result was a small decrease in CBF in MTL at 30 minutes after CSF TT. In patients with AD or undefined dementia, it has been reported that CBF decreases after removal of CSF. 9,28 Actually, we found low levels of amyloid-beta in CSF in patients with reduced CBF in supplementary motor area, compared with patients with increased CBF after the CSF TT. A reduced level of amyloid-beta in CSF is a well-known finding in AD, 30 and in studies of brain biopsies in patients with iNPH, a deposit of amyloid-beta in the cortex is not an uncommon finding. 31 Based on the clinical evaluation, we doubt that there were patients with manifest AD in this sample, and the imaging did not reveal pronounced atrophy in any of the patients. Potential MTL atrophy can be difficult to evaluate in iNPH owing to the dilated temporal horns. However, some comorbidity cannot be ruled out, and iNPH and AD can sometimes coexist in the same patient. 32 Finally, the decrease in CBF in MTL 30 minutes after CSF TT must be interpreted in the light of normal variation between baseline investigations of 6.4%. Also, the MTL region is often affected by susceptibility effects from air in the sphenoid sinus, which leads to artifacts.
It has been proposed that mechanical stretching of blood vessels by the dilated ventricles may cause reduction of perfusion in NPH, and when CSF is removed the stretching ceases and perfusion is restored. 28 This was not confirmed in our study, since there were no negative correlations between ventricular volume and CBF, or correlations between changes in ventricular volume and CBF. Other mechanisms are probably involved in the reduction of perfusion and reversibility after CSF removal in some patients. The periventricular hyperintensities seen in iNPH, which are reported to decrease after shunting, 33 are believed to represent increased water content mainly in the extracellular space. 34 It is possible that this increased water content in WM leads to a reduced elimination of toxic substances and disturbances in metabolism and regional CBF. 35 We hypothesize that when CSF is removed from the subarachnoid space, the edema is partly resorbed back to the ventricles because of a temporary pressure gradient. Disturbances in the WM caused by edema may become temporarily reversed and CBF increases. In half of the patients in this sample, no increase in CBF in WM followed the CSF removal, which may be the reason for less clinical improvement, possibly because of a pathologic process that had become irreversible. Contradicting the theory of stretched arteries, we found a positive correlation between ventricular volume and CBF in the superior WM at baseline, possibly explained by an increased density of brain parenchyma in this region because of compression from the dilated ventricles. 36 No correlation was seen between severity of clinical symptoms at baseline and CBF at baseline in any ROI. However, the level of significance was set at P o 0.01 for correlation analyses to avoid a type I error caused by multiple correlations. The lack of correlations suggests that the etiology of symptoms in iNPH is multifactorial and influenced by factors other than CBF. This is further supported by a study that compared symptomatic and asymptomatic patients, both with iNPH morphology on MRI, and found no difference in CBF between the two groups. 37 In the present study, patients with an increase in CBF in the left lentiform nucleus had a shorter duration of iNPH symptoms than those with no increase, and there was a correlation between symptom duration and decrease in CBF in both the lentiform nucleus and the thalamus. This may partly explain inconsistent results in previous studies investigating CBF change after CSF removal, i.e., it is possible that increase in CBF may be greater in patients with a short duration of symptoms compared with those with a prolonged course.
The volume of the lateral ventricles was determined using SyMRI. Ventricular volume was reduced by 4.4% 30 minutes after CSF TT, and the day after the drainage the volume was restored. Since calculation of regional CBF was made using manually drawn ROIs, and since all images were visually evaluated to exclude artifacts and morphologic changes from any of the ROIs, the change in ventricular volume is not likely to cause partial volume effects on the CBF results in this study.
The CBF values in our patients were low compared with those reported by others. For example, in the thalamus and cerebellum, CBF was 14% and 34%, respectively, lower than found in a positron emission tomography study by Owler et al. 3 However, this did not have any impact on the results in our study because the patients were their own controls.
Limitations
Three patients were excluded because of artifacts related to high intravascular signal with low signal intensity in the brain parenchyma. This occurs when the PLD of the ASL sequence is shorter than the arterial transit time, the time needed for the labeled blood to move from the labeling plane to the tissue of interest in the brain. Arterial transit time seems to be longer in the aging brain and in pathologic cerebrovascular systems. 38 We used a standard clinical protocol for pCASL, with a PLD of 1600 ms. Because of artifacts related to prolonged arterial transit time, no analysis could be performed for watershed areas in parietal/ occipital regions of the brain. A longer PLD produces a lower signal-to-noise ratio, but to avoid the problems we had in this study it may be beneficial to use a PLD of at least 2000 ms in patients with iNPH, which was the recommended PLD for elderly clinical patients in a recently published ASL white paper. 39 It should also be noted that pCASL-based WM perfusion estimates ought to be treated with some caution owing to longer arterial transit time and low signal-to-noise ratio, compared with gray matter, and it has been suggested that many repetitions, and possibly longer PLDs, are needed for reliable results. 40 However, the statistical analysis in our study was based on 20 patients, scanned multiple times each, and only ROIs with a significant difference at two investigation times were reported, which strengthens the findings. Moreover, a recent study by Wu et al 38 found that the optimal PLD to detect WM perfusion with pCASL was 1500 to 1800 ms (i.e., similar to the PLD used in this study), based on simulated and experimental data from healthy volunteers. This means that, even when WM perfusion is of interest, the PLD should probably only be modified to account for age and pathology. No control group was included in the present study, which is a limitation since comparisons of baseline CBF between iNPH patients and healthy controls has not been performed using pCASL.
The ROIs were drawn manually slice-by-slice on coregistered FLAIR images, a time consuming but usually anatomically correct method. The disadvantage is that it is, to some degree, operator dependent. The more commonly used method is to normalize the images to a standard brain template and use automatically drawn ROIs to calculate mean CBF in different groups. These methods assume an intact morphology, which is seldom the case in iNPH patients with wide ventricles, effaced sulci at the convexity, and focally dilated sulci in other regions.
In the evaluation of clinical improvement after the CSF TT, we only used tests of gait function because of the rigid time scheme and because cognitive tests take more time. Impairment of cognition is an important symptom in iNPH, and a thorough investigation of the relationships between cognition and CBF, after CSF removal, would be of great interest.
The level of significance was adjusted for correlations because of large correlation matrices. To avoid Type II errors, no correction for multiple analyses were made to the other analyses, given the limited sample of patients.
The strength of this work was the consecutive inclusion in such a complicated study with a rigid time scheme and the repeated CBF measurements with clinical evaluations in connection with every MRI scan.
Future studies will focus on comparing iNPH with healthy controls using pCASL and investigating perfusion changes after shunting.
CONCLUSIONS
In this study, we measured regional brain perfusion in iNPH patients before and several times after CSF removal to investigate the relationship between CBF changes and improvement of gait function. In the whole sample of 20 investigated iNPH patients, CBF did not increase during 24 hours after CSF TT compared with baseline. However, gait function improved more in patients with increased CBF in WM compared with those with decreased CBF. The variation of CBF was low but must be accounted for in studies of perfusion in iNPH.
